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POROUS NANOFIBER MESH FOR
THREE-DIMENSIONAL CELL CULTURE

TECHNICAL FIELD

The present mnvention relates to a nanofiber mesh for cell
culture and a cell culture plate including the mesh.

BACKGROUND ART

Recently, many studies have been actively conducted in the
cellular level owing to rapid development in the field of
molecular biology, tissue engineering, genetic engineering,
etc., and therefore there has been an increasing demand for
cell culture. In the field of the tissue engineering, cell was, for
example, cultured 1n vitro, and then the cultured cell was used
for regenerating injured biological tissues of the human body
such as muscular tissues, organs, etc., and developing artifi-
cial organs, etc. In the field of the medicine, the cell culture
techniques have been used for developing bioactive com-
pounds, medical supplies, etc. using proteins generated 1n the
cultured cell. In these studies, the cell culture 1s necessarily
required for increasing the cell counts, and there has been
especially an increasing demand for effective cell culture 1n
order to obtain antibodies, antigens, bioactive compounds,
etc. from the cultured cell.

Such a cell culture technique may be also used for treating
cancer 1n patients. Selecting a chemotherapy thathas low side
clfects on patients and an excellent ability to suppress tumor
cell growth 1s 1mportant to effectively treat cancer in the
malignant tumor patients. It 1s very important to select anti-
cancer drugs that can reduce the side effects and effectively
suppress the tumor cell growth because anti-cancer drugs
exhibits a different reaction level to the histopathologically
identical category of the cancers according to the patients and
damages hematopoietic cell of the bone marrow, hair-root
cell, etc. which divide and grow rapidly among the normal
cells. Theretore, there have been many attempts to culture the
cancer cells as there has been an increasing demand for a
susceptibility test of cancer cell on an anti-cancer drug 1n
individual cancer patients, and also mechanisms of diseases
(cancer cells) should be elucidated to effectively conduct a
study to develop a novel drug such as anti-cancer drug, and
suificient amount of the cancer cell should be required for
evaluating efliciency of the novel anti-cancer drug. There
have been many studies on cancer cell culture, culture media,
culture mesh, etc. for these purposes.

Inthe 1970’s, the susceptibility test on the anti-cancer drug,
has been conducted with success of the in vitro culture of
multiple myeloma using a double semisolid agar culture sys-
tem by Hamburger and Salmon, but the culture system has
problems that 1t has a low plating efficiency, a low cancer cell
growth rate, etc.

Generally, if cell grows on a surface of a petr1 dish, then the
cell does not grow any longer after 1t grows to a constant size,
and therefore and 1t has a very low growth rate. In order to
solve the problem, there has been a demand for amesh for 3-ID
cell culture, more preferably a mesh for 3-D cell culture
having a large specific surface area so that the cell can easily
attach onto the mesh.

The conventional meshes for 3-D cell culture has disad-
vantages that its cell adhesion to the cell 1s not so excellent, as
well as its specific surface area 1s not so large. Especially, a
sponge-type mesh for cell culture, manufactured with col-
lagen as a main component, has problems that the sponge-
type mesh 1s deformed since 1t swells up 1n a culture medium,
and the enzyme collagenase was used to remove collagen
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between the cultured cells to obtain the cell. Also, the meshes,
generally used for the conventional 3-D cell cultures, have a
problem that 1t 1s difficult to smoothly supply nutrients since
its pores are not connected smoothly even if it 1s porous.
Particularly due to the problem, it has problems that it 1s
difficult to culture a cancer cell that grows very rapidly when
compared to the general normal cells, and the cancer cell has
a low growth rate.

DISCLOSURE OF INVENTION

Accordingly, the present invention 1s designed to solve the
problems of the prior art, and therefore 1t 1s an object of the
present invention to provide a mesh for cell culture capable of
smoothly supplying nutrients, oxygen, etc to cell on the
meshes since the cell 1s easily contacted with the mesh and its
pores are systemically connected to each other.

In order to accomplish the above object, the present inven-
tion provides a porous mesh for cell culture capable of being
used for a 3-D cell culture, wherein linear nanofiber com-
posed of polyhydroxyalkanoate 1s cross-linked to form a net-
work.

Preferably, the present invention provides a mesh for cell
culture, wherein the linear nanofiber further includes col-
lagen, gelatin, or their mixture i addition to said polyhy-
droxyalkanoate.

More preferably, the present invention provides a mesh for
cell culture, wherein the linear nanofiber 1s composed of a
mixture of polyhydroxyalkanoate (A) and collagen (B), the
mixture having a weight ratio (B/A) of 2~10%.

More preferably, the present invention provides a mesh for
cell culture, wherein the linear nanofiber 1s composed of a
mixture of polyhydroxyalkanoate (A) and gelatin (B) having
a weight ratio (B/A) of 10~100%.

More preferably, the present invention provides a mesh for
cell culture, wherein the linear nanofiber has a diameter of 50
to 2,000 nm.

More preferably, the present invention provides a mesh for
cell culture, wherein the polyhydroxyalkanoate composed of
the mesh for cell culture 1s poly(3-hydroxybutyrate-co-3-
hydroxyvalerate).

More preferably, the present invention provides a mesh for
cell culture, wherein the mesh for cell culture 1s used for
culturing cancer cell.

In addition, the present invention provides a polyethylene
film for cell culture to which the mesh for cell culture is
attached. More preferably, the present mnvention provides a
cell culture plate including a plurality of the polyethylene film
cut round to a suitable size for cell culture.

The present invention also provides a method for produc-
ing a porous mesh for cell culture capable of being used for a
3-D cell culture, including:

(S1) preparing a polyhydroxyalkanoate solution;

(S2) electritying the solution with a positive charge; and

(S3) spraying the positively charged solution on a nega-
tively charged matenal through a nozzle.

Preferably, the present invention provides a method for
producing a mesh for cell culture, wherein the solution of the
step (S1) further includes collagen, gelatin, or their mixture.

Hereinatter, a mesh for cell culture of the present invention
and a producing method thereof will be described 1n detail.

The present mvention provides a mesh for cell culture
having a large specific surface area, wherein the mesh 1s a
porous mesh capable of being used for a 3-D cell culture and
linear nanofiber is cross-linked to form a network, the linear
nanofiber composed of polyhydroxyalkanoate, more prefer-
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ably a mixture of polyhydroxyalkanoate and at least on
selected from the group consisting of collagen, gelatin or their
mixture.

The mesh for cell culture of the present invention has a
large specific surface area due to 1ts structural characteristics
to have a high aspect ratio (a ratio of length to diameter), that
1s, a large surface area that may be in contact with the cell
therein, and therefore 1t 1s suitable for the cell culture, and the
mesh of the present invention also has a structure in which its
pores are smoothly connected to each other since the linear
nanofiber 1s cross-linked in the mesh, and 1t 1s easy to supply
nutrients, oxygen, etc., which are necessary for the cell cul-
ture through the pores, 1n all directions.

In order to conduct the 3-D cell culture, it 1s important to
smoothly supplying the suitable nutrients and so on, and
especially very important to smoothly supply the suitable
nutrients, oxygen and so on, which are required for a rapid
growth of cancer cell since the cancer cell grows rapidly
unlike the general normal cells. In this aspect, the mesh of the
present invention, 1n which the linear nanofiber 1s cross-
linked to form a network, may be more useful for a cell
culture, especially for a cancer cell culture since its pores are
connected to each other so that the nutrients and so on can
casily move through the pores.

As for the mesh for cell culture of the present invention, the
linear nanofiber cross-linked to form a network more prefer-
ably has a diameter of 50 to 2,000 nm, collectively consider-
ing a specific surface area of the produced mesh, easy contact
to cell, a size of the produced pores, etc.

The linear nanofiber constituting the mesh for cell culture
of the present mvention consists ol a majority of polyhy-
droxyalkanoate. The polyhydroxyalkanoate 1s a carbon (en-
ergy) storage material accumulated within microorganisms
as a hydrophilic material produced by the microorganisms. It
has been known that such polyhydroxyalkanoate was gener-
ally biodegradable and non-toxic. Accordingly, because the
mesh for cell culture of the present invention 1s biodegradable
unlike the conventional meshes for cell culture composed
only of collagen, it 1s further easy to separate the cell purely
using the biodegradability of the mesh when only the cell
should be separated after the cell culture.

The polyhydroxyalkanoate used for producing the mesh
for cell culture of the present invention includes, but 1s not
limited to, poly(3-hydroxypropionate), poly(3-hydroxybu-
tyrate), poly(3-hydroxyvalerate(valerate)), poly(3-hydroxy-
hexanoate), poly(3-hydroxyoctanoate), poly(4-hydroxybu-
tyrate), poly(5-hydroxyvalerate) and so on. Poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) (heremafter,
referred to as “PHBV™) 1s more preferred, considering easy
manufacturing, cell culture efficiency, etc. collectively.

The mesh for cell culture of the present invention 1s com-
posed only of polyhydroxyalkanoate, or further includes col-
lagen, gelatin, or their mixture. The mesh for cell culture of
the present invention exhibits an enhanced hydrophilicity,
and therefore an improved adhesion and histocompatibility of
the cell since 1t further includes collagen, gelatin, or their
mixture. Preferably, a weight ratio (B/A) of polyhydroxyal-
kanoate (A) and collagen (B) that constitute the mesh for cell
culture preferably range from 2 to 10% 1f the collagen 1s
turther included 1n the mesh. The mesh shows a somewhat
reduced adhesion 1f it 1s produced using polyhydroxyal-
kanoate with less than 2% by weight of collagen, while its
manufacturing cost 1s increased and 1t 1s difficult to recover
the cell after the cell culture due to extremely high adhesion 1f
it 1s produced using polyhydroxyalkanoate with more than
10% by weight of collagen.

10

15

20

25

30

35

40

45

50

55

60

65

4

Preferably, a weight ratio (B/A) of polyhydroxyalkanoate
(A) and gelatin (B) which constitute the mesh for cell culture
preferably range from 10 to 100% 1t the gelatin 1s further
included 1n the mesh owing to the same reason as described
above 1n the collagen.

The present invention provides a method for producing a
mesh for cell culture capable of being used for a 3-D cell
culture, including;:

(S1) preparing a polyhydroxyalkanoate solution, or (S1)
preparing a mixture solution of polyhydroxyalkanoate, and
collagen or gelatin;

(S2) electritying the solution or the mixture solution with a
positive charge; and

(S3) spraying the positively charged solution or mixture
solution on a negatively charged material through a nozzle.

FIG. 1 shows one preferred embodiment of a method for
producing a mesh for cell culture of the present invention. As
shown 1n FIG. 1, an apparatus for producing a mesh for cell
culture of the present invention includes a high-pressure
power supply unit; a syringe for spraying the atorementioned
polyhydroxyalkanoate-including solution or mixture solu-
tion through a nozzle; a syringe pump for spraying a polymer
mixture solution present in the syringe; and a rotary substance
carthen at one end thereof and collecting nanofiber, sprayed
and linearly formed, at a form of 3-dimensional mesh. A
metal drum may be used as the rotary substance. A high-
pressure electric field 1s connected to the syringe pump and
the rotary substance 1n the high-pressure power supply unit,
respectively. At this time, a positive voltage 1s applied 1n the
syringe of the syringe pump, and a negative voltage 1s applied
in the metal drum. The positively charged polymer mixture
solution 1s elongated by the high-pressure electric field
spanned from the nozzle of the syringe of the syringe pump to
the metal drum, and therefore jet stream 1s generated in the
solution elongated from a nozzle of the syringe to the earthen
metal drum. Many nanofibers are divided i a spraying
region, and then cross-linked on the rotating metal drum to
obtain a mesh for cell culture forming a network.

The method for producing the mesh for cell culture of the
present invention 1s very simple and easy, and 1t 1s easy to
control a pore size of the mesh. Also, the mesh for cell culture
of the present ivention may be easily mass-produced, and
also easily produced by adding usetful inorganic materials for
the cell culture, as well as organic polymers in the form of a
solution or molten solution.

The present invention also provides a polyethylene film to
which the mesh for cell culture 1s attached so that the mesh
can be substantially easily used. More preferably, the present
invention also provides a cell culture plate obtained by cutting
the plate-shaped polyethylene film, to which the mesh for cell
culture 1s attached, to a suitable size and shape for the cell
culture using a press, etc., and then aggregating a large num-
ber of the cut polyethylene film densely (see FIG. 16).

The mesh for cell culture according to the present invention
1s characterized in that linear nanofiber 1s cross-linked to form
a network, wherein the linear nanofiber 1s composed of poly-
hydroxyalkanoate; or polyhydroxyalkanoate, and collagen,
gelatin or their mixture, and therefore the mesh for cell cul-
ture of the present invention may be useful to culture cell
since the cell, more preferably the cancer cell 1s easily stuck
to the mesh because of 1ts structural characteristics and effect
of the added collagen or gelatin, and also to smoothly supply
nutrients, oxygen, etc. through connected pores.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of pre-
terred embodiments of the present invention will be more
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tully described 1n the following detailed description, taken
accompanying drawings. In the drawings:

FIG. 1 1s a schematic view showing an apparatus for pro-
ducing a mesh for cell culture of the present invention;

FI1G. 2 1s an SEM photograph showing the nanofiber mesh
tor cell culture produced with polyhydroxyalkanoate and col-
lagen according to one embodiment of the present invention;

FIG. 3 1s an SEM photograph showing a partially magni-
fied section of FIG. 2. It was observed that linear or plate-
shaped fine collagen 1s present between nanofibers composed
of polyhydroxyalkanoate;

FI1G. 4 1s an SEM photograph (1,000x) showing the nanofi-
ber mesh for cell culture produced with polyhydroxyal-
kanoate and gelatin according to one embodiment of the
present invention;

FI1G. 51s an SEM photograph (5,000x) showing the nanofi-
ber mesh for cell culture produced with polyhydroxyal-
kanoate and gelatin according to one embodiment of the
present invention;

FIG. 6 1s an SEM photograph showing ovarian cancer cell
which 1s obtained from tissue of an ovarian cancer patient,
and then primarily cultured in the nanofiber mesh for cell
culture according to one embodiment of the present imven-
tion;

FIG. 7 1s an SEM photograph showing a partially magni-
fied section of FIG. 6;

FIG. 8 1s a scanning electron microscope (SEM) photo-
graph of cancer cell, taken at magnification of 1,000 times,
showing that a HCT116 colon cancer cell 1s cultured for 1
week 1n the nanofiber mesh whose nanofiber 1s produced only
with polyhydroxyalkanoate;

FIG. 9 1s a scanning electron microscope (SEM) photo-
graph of cancer cell, taken at magnification of 5,000 times,
showing that a HCT116 colon cancer cell 1s cultured for 1
week 1n the nanofiber mesh whose nanofiber 1s produced only
with polyhydroxyalkanoate;

FIG. 10 1s a scanning electron microscope (SEM) photo-
graph showing that normal chondrocyte i1s cultured in the
nanofiber mesh for cell culture produced with polyhydroxy-
alkanoate and collagen according to one embodiment of the
present invention;

FIG. 11 1s a scanning electron microscope (SEM) photo-
graph showing that normal fibroblast of a white rat 1s cultured
in the nanofiber mesh for cell culture composed of polyhy-
droxyalkanoate according to one embodiment of the present
invention;

FI1G. 12 1s an SEM photograph showing an ovarian cancer
cell primarily cultured on a petr1 dish coated with collagen;

FI1G. 13 1s an SEM photograph showing a partially magni-
fied section of FIG. 12;

FIG. 14 1s an SEM photograph showing that HCT116
colon cancer cell 1s cultured in the nanofiber mesh for cell
culture of the present invention;

FIG. 15 1s an SEM photograph showing that HCT116
colon cancer cell 1s cultured on a petrn dish coated with
collagen; and

FIG. 16 1s a photograph showing circular polyethylene
films to which the nanofiber mesh for cell culture of the
present invention 1s attached, and a cell culture plate 1n which
a large number of the polyethylene films are densely aggre-
gated.

BEST MODES FOR CARRYING OUT THE
INVENTION

Hereinafter, preferred examples of the present invention
will be described in detail referring to the accompanying,
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6

drawings. However, 1t should be understood that the detailed
description proposed herein 1s just a preferable example for
the purpose of illustrations only, not itended to limit the
scope of the mvention, so 1t should be understood that other
equivalents and modifications could be made thereto without
departing from the spirit and scope of the mvention.

<Preparation of Mesh for Cell Culture According to the
Present Invention and Plate Including the Same>

Example 1-1

Preparation of Mesh for Cell Culture Composed
Only of PHBV

Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) was dis-
solved 1n an equivalent amount of a solvent hexatluoro-2-
propanol to prepare a polymer solution. A mesh for cell
culture was then produced using a producing apparatus of the
mesh for cell culture as shown 1n FIG. 1. A distance between
a syringe nozzle and a metal drum was set to approximately
12 cm upon its production, and 10 KV of voltage was applied,
and 1t was maintained under the following condition: a
humidity of less than 20% and a temperature of at least 40° C.
Themesh was vacuum-dried for 24 hours after 1ts production.

Example 1-2

Preparation of Mesh for Cell Culture Composed of
PHBYV and Collagen

A 6 equivalent amount of collagen was mixed with poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) on the basis of the
total amount of PHBYV, and then dissolved 1n an equivalent
amount of a solvent hexatluoro-2-propanol to prepare a poly-
mer mixture solution. A mesh for cell culture was then pro-
duced 1n the same manner as 1n Example 1-1. SEM photo-
graphs showing the produced mesh are shown in FIGS. 2 and

3.

Example 1-3

Preparation of Mesh for Cell Culture Composed of
PHBYV and Gelatin

Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) and gela-
tin were mixed at a weightratio o1 70:30%, and then dissolved
in an equivalent amount of a solvent hexatluoro-2-propanol to
prepare a polymer mixture solution. A mesh for cell culture
was then produced in the same manner as in Example 1-1.

SEM photographs showing the produced mesh are shown 1n
FIGS. 4 and 5.

Example 1-4
Preparation of Cancer Cell Culture Plate

The meshes produced in Examples 1-1 to 1-3 were steril-
1zed 1n order of ethanol (73%, 50%, 25%) from high concen-
tration to low concentration, washed with PBS, and dried.
Then, the washed and dried meshes for cell culture were
attached to one surface of a polyethylene film having a half
s1ze of A4 paper (210x297 mm), and then cut with a press to
be a circular form having a diameter of 11 mm. The cut
polyethylene films were then put into a plate having a plural-
ity of circular grooves prepared previously, as shown 1n FIG.

16.
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<BHvaluation of Cell Culture>

Example 2-1

Cell Culture Test Using Primarily Cultured Ovarian
Cancer Cell

A cell solution was prepared by counting the primarily
cultured ovarian cancer cell to the sutable cell number
(3%x10%-5x10™%), and 700 pl of the primarily cultured ovarian
cancer cell solution prepared above was loaded 1nto the plate
of Example 1-2, and cultured at 37° C. for 3 hours under a 3%
CO, atmosphere. A culture solution was removed from the
well, and then the cell was slightly washed with a phosphate-
buifered saline and fixed with 2.5% glutaraldehyde for 30
minutes. The cell was slightly washed with tridistilled water,
and then dehydrated while being dried out in a clean bench 1n
order of ethanol (25%, 50%, 75%, 100%) from low concen-
tration to high concentration. The mesh was then dried for 16
hours after treatment with 100% ethanol. The dried mesh was
then cut to a size of approximately 0.5 cm, and then 1ts SEM
(Scanning Electron Microscope) photograph was taken. The
mesh was observed at an accelerating voltage of 20 kV using,
a Hitachi S4,300 scanning electron microscope (the company
Hitachi, Japan), its sections of interest were selected and
taken by the scanning electron microscope to obtain images
of the mesh. The results are shown 1n FIGS. 6 and 7.

FIGS. 6 and 7 show photographs taken by the scanning
clectron microscope 3 hours after the primarily cultured ova-
rian cancer cell was primarily spread over the mesh of the
present invention. It was seen that the ovarian cancer cell was
closely attached to the mesh with extended legs during a
treatment procedure of the scanning electron microscope
including fixation, dehydration, washing, etc.

Example 2-2
Cell Culture Test Using HCT116 Colon Cancer Cell

A cell culture test was repeated 1n the same manner as 1n
Example 2-1, except that the HCT116 colon cancer cell
(KCLB No. 10247, Korean Cell Line Bank) was used instead
of the ovanian cancer cell, and the mesh of Example 1-1 was
used 1nstead of the mesh of Example 1-2 and cultured for 1
day. The results are shown in FIGS. 8 and 9.

FIGS. 8 and 9 show photographs taken by the scanming
clectron microscope 3 hours after the primarily cultured
colon cancer cell was primarily spread over the mesh of the
present invention. It was seen that the colon cancer cell was
closely attached to the mesh with extended legs during a
treatment procedure of the scanning electron microscope
including fixation, dehydration, washing, etc. FIGS. 8 and 9
are scanning electron microscope (SEM) photographs of the
cancer cell, taken at magnification of 1,000 and 5,000 times
respectively, showing that a HCT116 colon cancer cell line
was cultured for 1 week 1in the mesh produced only with
PHBYV. If the mesh was produced only with PHBY, then
foreign substances were not observed around the cell, and the
cell grew 1nto a cluster and overlapped to remain engratted
well, as shown 1n FIG. 8. Also, the colon cancer cell was
strongly attached to the nanofiber mesh while maintaining
cytoplasmic processes without any change of the cell, as

shown 1n FIG. 9.

Example 2-3

Cell Culture Test Using Normal Chondrocyte and
Normal Fibroblast of Rat

Chondrocyte was separated from the knee joint of a white
rat (Splague-Dawley rat) immediately after the white rat was
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killed, and a cell culture test of the normal chondrocyte was
conducted with the mash composed only of PHBYV prepared
in Example 1-1 1n the similar manner to Example 2-2. The
result 1s shown 1n FIG. 10.

Also, a white rat (Splague-Dawley rat) was anesthetized,
and then 1ts abdominal wall was 1ncised to remove fibroblast
that produces hypodermic collagen fiber, and a cell culture
test of the normal chondrocyte was conducted with the mash
composed of PHBV and the collagen prepared in Example
1-2 in the similar manner to Example 2-2. The result 1s shown
in FIG. 11.

FIG. 10 shows a photograph taken by the scanming electron
microscope 2 hours after the chondrocyte was primarily
spread over the mesh of the present invention. It was seen that
the chondrocyte was strongly attached to the mesh of the
present invention.

FIG. 11 shows a photograph taken by the scanning electron
microscope 2 hours after the primarly cultured fibroblast of
the white rat was primarily spread over the mesh of the
present invention. It was seen that the fibroblast was strongly

attached to the mesh of the present invention while forming
cytoplasmic processes well.

Example 2-4

Cell Culture Test Using HCT116 Colon Cancer Cell

A cell culture test was repeated 1n the same manner as 1n
Example 2-2, except that an HCT116 colon cancer cell
(KCLB No. 10247, Korean Cell Line Bank) and the mesh
prepared 1n Example 1-2 were used herein. The result 1s
shown 1n FIG. 14.

FIG. 14 shows a photograph taken by the scanning electron
microscope 3 hours after the primarily cultured colon cancer
cell was primarily spread over the mesh of the present mven-
tion. It was seen that the HCT116 colon cancer cell was
strongly attached to the nanofiber in the mesh of the present
invention.

Comparative Example 1-1

Cell Culture Test Using Primarily Cultured Ovarian
Cancer Cell

A cell culture test was repeated 1n the same manner as 1n
Example 2-1, except that a petr1 dish coated with collagen was
used 1nstead of the mesh for cancer cell culture of the present
invention. The results are shown 1 FIGS. 12 and 13.

FIGS. 12 and 13 show photographs taken by the scanning
clectron microscope 3 hours after the primarily cultured ova-
rian cancer cell was primarily spread over the petr1 dish
coated with collagen. It was seen that four cells grew while
being attached to each other. The number of the ovarian
cancer cell was smaller than that of the cell cultured in the
mesh of the present mvention since the ovarian cancer cell
was detached during a treatment procedure of the scanming
clectron microscope including fixation, dehydration, wash-
ing, etc.

Comparative Example 1-2
Cell Culture Test Using HCT116 Colon Cancer Cell

A cell culture test was repeated 1n the same manner as 1n
Example 2-4, except that HC'T116 colon cancer cell was used
instead of the ovarian cancer cell. The result was shown 1n

FIG. 15.
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As shown 1n FIG. 15, 1t was revealed that the HCT colon
cancer cell cultured on the petr1 dish coated with collagen was
poorly engrafted unlike the result of FIG. 14.

What 1s claimed 1s:
1. A porous mesh for cell culture capable of being used for
a three-dimensional cell culture, said mesh comprising
nanofibers cross-linked to each other to form a network,
wherein the nanofibers are formed of mixture of poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) and collagen, and
wherein the mixture comprises a weight ratio of collagen to
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) of
2-10%.
2. A porous mesh for cell culture capable of being used for
a three-dimensional cell culture, said mesh comprising
nanofibers cross-linked to each other to form a network,
wherein the nanofibers are formed of a mixture of poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) and gelatin, and

5

10

15

10

wherein the mixture comprises a weight ratio of gelatin to
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) of
10-100%.

3. The mesh for cell culture according to claim 1, wherein

cach of the nanofibers has a diameter 1n the range of 50 to
2,000 nm.
4. The mesh for cell culture according to claim 2, wherein

cach of the nanofibers has a diameter 1n the range of 50 to
2,000 nm.

5. A cell culture plate comprising a mesh of claim 1 and a
polyethylene film attached to the mesh.

6. A cell culture plate comprising a mesh of claim 2 and a
polyethylene film attached to the mesh.

7. A cell culture plate comprising a mesh of claim 3 and a
polyethylene film attached to the mesh.

8. A cell culture plate comprising a mesh of claim 4 and a
polyethylene film attached to the mesh.
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